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DUPUCATE 

IMAGING AGENTS 

The present irwention nstetee to new peptide-based compounds and thteir use for 
5 diagnostic {maging techniques such as poeitron emission tomography (PET). 
More specifically ttie brvraition relaise to the use of such peptide-t>ased 
compounds as targeting vecfoie that b&id to receptors associated with 
engiogenesis. in paiUcuiar irrtegrin receptors, for example, the ooffiZ integrin 
. receptor. Such compounds may thus be used for diagnosis of. for example. 
10 maiignent diseases, heartdiseases, ^dometriosis, inflammalkirMelated diseases, 
itieumatold arthritis and KaposFs sarcoma. 

New biood vessels can be formed by two oBfTerent mechanbms: vascuiogen^is or 
angiogene^. Angiogenesis is the t6m^fion of new ijlood vessels by branching 

15 from existing vessels^ The primary sOmulus for this process may be inadequate 
supply of nutrients and oxygen (hypoxia) to cells in a tissue. The cells may 
respond by secreting angiogenic factors, of which there are many, one example, 
which frequently refen^sd to, is vascular endothellai growth fector (VEGF). These 
Actors inrliaie the secretion of proteolytic enzymes thai breaic down the proteins of 

20 the basement membrane, as well as inhibitors that limit the acHon of these 
potentially henmftil enzymes. The other prominent effect of angiogenic factors Is 
to cause endothelial cells to migrate and divnde. Endothelial cells that are 
attached to the bssement membrane, which fomis a continuous sheet around 
Wood vessels on the oontraiumenai side, do not undergo mtosis. The combined 

25 effect of loss of attachment and signals from the receptora for angiogenic factors 
is to cause the endothellai ceils lo move, multiply, and reanrange themselves, and 
finally to synthesise a basement membrane around ttie new ves^Is. 



Angiogenesis is prominent In the growth and remodefling of tissues. Including 
3o wound healing and Inflammatory prooeases. Tumour© must Initiate engiogenesis 
when they reach minfmetre size in order to keep up their rate of growth. 
Angiogenesis is accompanied by characteristic changes in endothelial cells and 
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thdir envlronmenL The surface of these cells Is remodelled In preparafon Ibr 
mlgraOon, and <9yptlc structures are ^osed w^ers the basement membrane is 
degraded, in addition to the variety of proteins whicli are Involved in effisoting and 
oorrtrotiing proteolysis. In the case of tumours, the resuming network of blood 
S vessels is usually disorganised. wiQi the fonnation of sharp kinks and also 
arteriovenous ^unts. Inhibition of anglogenesis is also considered to be a 
promising strategy for antitumour therapy. The transfomnalions accompanying 
angiogenesis are also very pron^'slng for diagnosis, one example beirjg malignant 
disease, but the concept also shows great promise In inflammation and a variety 
10 of inflammation-related diseases, including atherosclerosis, ihe macrophages of 
early atherosclerotic lesions being potenUat sources of angiogenic f&citoTS. 

Many ligands involved In cell adhesion contain the tripepHde sequence arginine- 
glycfne-a^partic acid (RGD). The RGD sequence appears to act aa a primary 

15 recognition site between ihe ligands presenting this secpience and r^o^tors on 
the surface of ceHs. It is generally believed that secondary Interactions between 
the ligand and receptor enhiancethe specificity of the Interaction. These secondary 
Interactions might take place between moieties of the Ilgand and receptor that are 
immediately adjacent to the RGD sequence or at sites that are distant fiom the 

20 RGD sequence. 

The efFicient fargefing and imaging of iniegrin receptors assodafed with 
angiogenesis in vivo demands therefore a selective, high aflRnity RGD based 



^f^OT that is chemically rooust ana sg[blsrFurthermorsrtt=JS-reut©^^€S85ist!onjs_ 
3S an important factor when designing Imaging agents in order to reduce problems 
with background. 



WO 03/006491 describes peptide-taased compounds Vtfliich target integrtn 
receptors assodated wifti angiogenesis. However, there exists a need forfUrther 
3 0 such peptide-based compounds having utility for dragnostic imaging techniques 
su^ as PET. 
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compound of fonnula (I)- 




HO © 



in 

d 



s 



wherein 

Is eitner a bond or Id 



o o 

10 

wherein a ifi an integer of from 1 to 3(fe 
R?is 

o o 

15 wherein bts an integer offromO to 10; 

is a alkylen© or Cz^ ail<©nylene bridge; 
the Unker Is a C,^ hydiocarbyl group optionally toduding 1 to 10 heteioalonis. 

30 

in the compounds of formula (I): 

Is preferably Ci-, alkylene. and more preferably -CHar; 
a is pieferably an integer of from 1 to 10. and is most prefer^iy 5; 
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bfs preferably 1. 



In formula (1) the Linker is a hydrocarbyl group optionally including 1 to 10 
heteroatoms such as osQrgen or nitrogen, and may be chosen to provide good in 
5 v/i« pharmacQldnefiGs, &je^ as favourable excretion characieilstics. Suftable 
Linker groups include alkyli alkenyl. alkynyl diains. aromatic, polyaromat'c and 
heteroaromatic rings, and polymers comprising ethyleneglycol. amino acld> or 
carbobydrate subunits. The Unker is preferably selected ftom (II), (III) and (IV) : 

10 -(CH2CHaO)ft-(CH?)„r (U) 



-(Cl-b)p- (HI) 




wher^: 

15 n Is an Integer of 1 to 20; 

m i9 an integer of 1 to 10; 
p is an integer of 1 to 2G^ 
q is an integer of 0 to 4; 
ris an int^erof 1 to 10, 

20 

In formula (ll);Tr^picaily^2TS-6riofiab{y-3rand-m-ia^ 
In formula (III), p ie typicdHy 1 to 6, suitably 3. 

2S In fomiula (IV). the group-(CH2Xr Is suitably attached Inftepara position lefativ© 
to the amide group, q is typicaUy 0 to 4, suitably 1, and r Is typically 1 to 4. suitably 
2. 

As shown in the tn Vftio competition binding assay below, the compounds of 
30 formula (I) bind to receptors associated with anglogenesis. These compounds 
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may thus be usefid for m7 vn/o diagnosis and imagir^ of diseases and oonditions 
assodated with angiogen^te. 

The term "disease and condifons assodated with angiogenesia^ includes those 
5 disaasea and c»>ndttIon8 rafierred to below. Refarence is also made intiiis regaid 
to WO 98/47541. 

Diseasea and condWons associated with angiogenasis include different fomis of 
cancer and metaalaals. for example, breast, skin, colorectal, pancreatic, prostate, 
10 lung or ovarian canoer. 

Other diseases and condilions associated with angiogenesis areinOammaiion (for 
example, chronic ihflanimafion)^ atheiDsdeiosis, rtteurnatdid armri^^ 

IS Further diseases and condittons associated with angiogenesis are arteriovenous 
alformatrons, astrocyforaas. choriocarcinonias. glioblastomas, gliomas, 
hemangiomas (chBdhood, caplUaiy), hepatomas, hypeiplasfio endometrium. 
Isciiemic myocardium, endometrfosis, Kaposi sarcoma, macular degeneration, 
melenoma, neuroblastomas, occluding peripheral artery disease, osteoarthritis. 

2o psoriasfs. retinopathy {dlat»etlc proliferative), sclerodemia, seminomas and 
ulcenaiivecolitte. 

Therefore, according to a ftirttier aspect of the invention, there is provided a 
compound of formula (I) for use In medicine, particulariy In the in vtvo diagnosis or 
25 Imaging, for example by PET, of a disease or condition assodafed with 
angiogenesis. 



In the attemative. there is provided a method for in vfvo diagnosis or imaging of a 
disease or conditfon associated wah angiogenesis which comprises the step of 
administering a compound of fonnuta (I) to a human or animal body, followed by 
generafion of an image, suftably a PET image, of part or all of said body. 
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15 



The compounds of fbnnula (I) are preferably administered In a 
FadrophannaoeuOsal fomnulatlon. A "radiophannd(»ufica) fbrmutafion" is defined &i 
the present Invention as afonmulotion comprislrng a compound (^formula (I) In a 
form suitable for admlnfsfratfon to a mammal, such as a human. Administration is 
preferat>ly carried out by injection of the radiophanmaceutical fonnulatfon as an 
aqueous solution. Such a radiopharmaceutical Ibnnnulation may optionally ccmtdin 
further ingredients such as buffers. pharmacauticaOy acceptable solubilteeis (for 
example cyclode}titf!ns orsurfiaclants such as Pturonic, Tween. or phospholipids), 
phannaceutrcally aooeptable stabiHsers or antiOxidantB (such as ascorbic add. 
gentlsic addorpaia-arninobenzotcacid) orbulidng agentefor lyophilisatlon (such 
as sodium chloride or mannitol). The radiophannaceuticai formulation Is 
administered In an amount ^vhich gives a reRable Image, taking irrto account the 
nature of the disease or condilion be'mg ihvesHgated, size of patient, and such 
other factois as wniuld be apparent to a K>erson skilled in the art For PET, a 
suitable amount of the compound of formula (I) is 0.1 to 100 mCi, preferably 1 to 
20mCi. 



Therefom. In a fijrther aspect of the invention, there Is provided a 
Fadiophamnaceutlcal formulation comprising a compound of formula (l)and one or 
2 0 more pharmaceutlcany acceptaisle exciplents. 

A compound of fonnula (l) may be prepared from the conesponding compound of 
fomnila 00: 




^ H o y O O 



in 




25 



09i 
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wherein R\ R^. and are as defined fbrfhe compound of formula (i) and X is a 
leaving group selected -from chtoro, bromo. and iodo. and is pneferatrfy chioro; 
by reaction with the appropdata compound of Ibrmula (VI): 

5 

"F-{UnIcer>-SH (yi) 
wherein Ilia Unlcer is as defined for the compound (^formula (1). 

Compounds of fomnula (V> are novd and thus represent a fiirOier aspect erf ttia 
10 present Invention. 

The reaction of compounds offonnulae (V) and (Vl) may be peribrmed using the 
methodologies described in co-pendlhg application PCT/GB03/01 332 . In general 
tenuis, the reaction may be etiiacted In a suitable solvent, fbr example in an 
15 aqueous buffer in the pH rangeSto 1 1, and at a non-extreme temperature of from 
5 fo TO'C, preferably at ambient tempeialure. 

Compounds of formula (V) may be prepared by stendard methods of peptide 
synthesis, for example, solid^phase peptide synthesis, for example, as described 

20 in Alherlon, E. and Sheppard, Ft-C; 'Solid Phase Synthesis"; IRL Press: Osdbnl. 
1G89. WO 03/006491 also describes eynthe^s of analogous peptides and in this 
regard, is sicoiporated herein by rsferenca Incorporafion of the bridging group 
may be effected by reacQon of the conespomfing peptide containing two ftee thiol 
groups, with the relevant dichloroallcane or dichloroailcene {such as 

25 dichloromethane when 1^ is to ba methylene). Incorporation of the group "X- 
CH2C(0) -■ In a compound of fomnula (V) may be achieved by reaction of the N- 
tennlnue or an amlne-contafning amino acid, preCerably lysine, of the pepUd© with 
tfie recent of fonmula Q/wy. 

30 X-CH2C(0)Z (VII) 

under standard conditions for peptide bond formation; wherein X is as defined for 



the conqx>und of formtda (V), and Z is -OH ora suitable activating group such as, 
chloro, bmtno, fluoro, OC(0)CHz-X wherein X Is as definen] for the compound of 
formula (V), or when Z Is -OH the add may bs activated using in ^ agents such 
as 2--(iH-benzotrlazDie-l-yl>-lJ,3,3-tetramethylurQnlum hexafluorophosphate 
5 (HBTU) or N-[(0»rTWthyIamlno>-1 H-1 A3-lria2olo[4.5-b]pyridin-1-ylmethyIenel-N- 
me^ylmethanainTnlum hexafluorophosplnteN-oxjde (HATU). 

Compounds of foimute CVI) may be prep»ed by standard mettiods sudh as fiiose 
de8(»ibed in co-pend!ng application PCTA3B03/01332. for example. Item the 
10 corraqxinding compound of fonnula (Via): 

L-{LJnksr)-SR (Via) 

wlrerein L is a leaving group such as p-toluenesulphonate. 
trif1uon3methanesuIphonate,ormethanesulphonate, and the Unksris as defined 

IS • for the compound of formula (VI) and R is hydrogen or a thiol pratech'ng group; 
by reaction wKh cydofron produced aqueous [^°(=]-1luoride, suitabfy pre-aciivated 
by evaporaifon from a base example, from tetrabutylammonrum or 
KsC03/IOyptor&c-222>, In a sullatiie solvent such as acetonitrile. N,N- 
dimethylfom>amide» or dimethyl sulphoxide, typically at elevated temperature, for 

20 example ©0 to 12(yC followed by rsmoval of any thiol protecting group using 
standard mettiods. 



Compounds of fonnula (VI) in which the Linker Is of fonnula (II) may be prepared 
nom me coiresponaiiiy aiiiipuuiidui'lbnmila-^^^ll^— . 



2S L-{CH2CH20)„-(CHa)nrSR (VIb) 

wherein L Is a leavbig group such as p-toluenesulphonate, 
trifluoromettianesulphonaie. or methanesulphonate, and n and m are as defined 
fbrthe ft»mula (ll) and R is hydrogen or a thiol protecting group; 
30 by reaction wMi cydotron produced aqueous l^*i=]-fluorIde. suitably pre-acfivated 
by evaporation finom a base (for esomple, from tetrabutylammonium or 
KsC03/Kfyptofix-222), in a suitable solvent such as acetonitrile, N,l^ 

-8- 
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dimethylforTnamldB, or dfmethyl sulphojdde, ^pfcally at elevated fempdrature, for 
example 60 to 120^0, foRcwtfed by rennoval of any thiol protecting group usfng 
standani methods. 

5 Compounds of fonnula (VI) in wWcli ihs Linker Is of formula (III) may be prepared 
from the correspond^ oonqpwund of tomiula (Vie): 

L-{CH2)prSR CVIc) 

where&i L Is a leaving group such as p-toluenesulphonale, 
10 trifluoromethane5ulphonaie,ormetlianesulphonais, and pis as defined for the 

fomwla (ill) and R is hydrogen or a thiol proteoBng group; 

by reaction with cyclotron produced aqueous ['''Fluoride, suitably pre-acthrarted 

by evaporation from a base (*w example* from tediabu^bfiamnionium or 

K^3A<irypiotix-222). in a suitable solvent such as aoetonitrile. N.M- 
xs dlmethytibrmamide. ordlmethyl sulphcodde, typicaRy at elevated temperature. Ibr 

example 60 to 120»C, fediowed by removal of any thiol protecting group using 

standard methodsL 

Compounds of Ibnnula (VI) in which the Liniwris of fbmiuia (iV) may be prepared 
20 from the oon^spondlng compound of formula (Vid): 

~{^^^ ^ 

wherein V Is a leaving group such as iodo. p^oluenesulphonate. 
tiffluoromethanesuiphonate, or methanesulphonate and when q is 0, L' can be 
nilro oran iodonium orammonium sail, and q and rare as defined for thelbmiuta 

25 (IV) and R is hydrogen or a thiol protecting group; 

by rsacUon with oyclolron produced aqueous l^*Fl-fluoride, suifabty pre-actlvatfid 
by evaporation from a base (for exampIOi from tstrebuiylammonium or 
K2C03/KiyptorK-222), in a suitable solvent such as acetonftrile. N,N- 
dimethylformarnlde. ordlmethyl suiphoxide, typically at elevated temperature* for 

30 example 60 to 120«»C fbUowed by removal of any thiol pn^tecBng group using 

-9- 
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stanclard methods. 

fn formulae (Vta). (Vlb), (S/ic). and (Vld), suitable thiol protacting groups include 
(Phen^laC- (trityl} and other? as may be found described 'm Protet^g Groups fti 
5 Organic Synthesis. Theodora W. Greene and Peter G. M. Wuts, publfshed by 
Jolw wney a Sons Inc. Removal of such tiiiol piotedf ng groups may be Effected 
by standard methods, sudti as those described in Greene. For eocample, where R 
Is trityl, the free thiol may be formed by treatment with dilute add, for eKampie 
trifluoroacetto add in a chloilnaled solvent such as dtchlorom^ane. 



10 



In one prefernod aspect, the compounds of fonnulae (Via), (Vlb). (Vic), and (VId) 
maybe bound to asoOd support Butih as polymer beads or coatings, for example, 
a trityl or chlorotri^ resln. In this aspect the excess reagents and by-products of 
the radlo-fluorinafion-ieactlon may be separated ftomthe polymer-bound prxxluct 
xs by washing. Using the depiotection methods as described above^ effects 
cleavage of the compound of fonnula (Vl) from the solid support. This approach 
may be particularly suitable for automated pnoducUonofthe compounds of fonnula 
(VI). Altemativdiy, the byiMOduds of thiol depraiection. where insoluble in the 
reaction ndxtura, m^ be removed by fittreKon. 



30 



According to a further aspect of the Invention fhere is provided a kit for the 
preparation of a radlofluorinated peptide of fonnula 0) comprisfrig a prosthetic 
group of fonnula (Via). (Vlb), (Vic), or (VW) and an acfivafed peptide of fonnula 



In use or the kit flie compound of fbnflula (Via), (Vlb), (VIc). or (VId) would be 
converted to the comespondlng compound of formula (VI) using methods 
described above. ProfBrably, the compound of tbrmula (VI) or a thiol protected 
precursor of any ttiereof, may be separated from waste reactants by passing the 
30 reaction mixturo trough a Solid Phase Extracfion (SPE) cartridge. The SPE 
cartridge may comprise a graphite pad or Cia stationary phase. Any thiol 
protecting group may be removed, for eixample, by addition of an acid such as 



I 
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trifluoroQcetlc add. Where flie mic^ group fn conqjotind of fbrniula (Vl) is 
profQcted with a hydrophobic group, such as a triiyi group, the doprofectlon may 
conveniently effected on the SPE cartridge, whereby the hydrophobic thiol 
piDtecting group (such as trityl) rdmains bound on the stationary phase while the 
5 labelled prosthetic group of formula (Vi) is eluted in high purity and yield. The 
compound of fbrmiiia (Vt) would then be added to the compound of Ibnnula (V) or 
which may suHabiy lie dissolved In aqueous buflisr {pH 7-1 1 ). After reaction at a 
non-extieme temperature fori to 60 minutes, the labelled pepttde may be puiifiedr 
Ibr example. bySPEandoollected. 

10 

Ttie invention is fllustrated by way of the 1bllau4ng Examples, In which tfiese 
abl>reviations are used tiirougiraut 

DCM: dldiknometttane 
15 TFArtrffluorDacetlcactd 
THF: tstrahydroftrnan 

HBTU: 2-(1 H-benzotriazde-l-ylH .1.3.34elraindhyhjronium hexaflu^ 
Boc : teit-butciac^^cartionyl 
Fmoc: 9-lluorafiylmetho)c^rlionyl 
20 TIS: t-Bsoprapyfesilane 

Fxanople 1: Preparation of a 3^uoft».jQffQny!s mfanvi labeited RGD containing 
25 j^Bjys 

Title compound^ 
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Synthesis of 3-triMsmfanvlHaroDan-1^l 




5 

I 

i 



Trityl chloride (27.9 mg. 0.1 mmol) and triethyl amine (49 0.5 mmol) were 
dissolved in DCM (2 ml) before 3-mercapto-1-propanol (0 iJ, 0.1 mmol) was 
added. DCM was e^porated under reduced pressure after 6 hours and the cmde 
product purified by reverse phase preparative chromatography (Vydac 218TP1022 
column; solvents A=watBr/0.1% TFA and B= CH3CN /0.1%TFA; gradient 30-70 
% B over 40 rtiin; ilow 10 ml / minute; detection at 254 nm). A yield of 6 mg of 
purined material was obtained (analytical HPLC: column phenomenex Luna 
C18,00B-4251-E0: solvents; A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; 
gradient 30-70 % B over 1 0 min; flow 1 .0 ml /minulB; retention fme 7.73 minutes 
detected at 214 and 254 nm). Stnjcture vei^d by NMR. 

1t>) Synthesis of melhaneauifonlc ae^ 34ritMlsutfanvl-Dropvl eetar 



Mesyl chloride (6 til, 0.0 7S mmol) was added to a solution of 3-trrtyIsullanyl- 
propan-l-ol (5 mg, 0.015 mmol) and tnethyl amTneX32iilrO:2Swnol)HiTTHFfl- 
ml)- After 30 minutes THF was evaporated under reduced pressure and tfie crude 
product dissolved In DCM, washed with a saturated solution of sodium 
hydrogencarbonate In water, a saturated solution of sodium chloride and dried wilh 
Mg804. A yield of 10 mg was obtained after evaporation under reduced pressure 
(analytical HPLC: column Luna CI 8, 00B-4251-E0: solvents: A* water / 0.1 % TFA 
and Bi= CH3CN / 0.1 % TFA; gradient 40-80 % B over 10 mIn; flow 1 .0 ml /minute; 
retention time 7.12 minutes detecied at 214 and 254 nm). Structure verified by 
NMR. 
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^c^ Synthesis of (3-flUQr o-DroDVlsulffBiivl>tripheny!nnethqpe 




Potassium fluoride (1 A mg, 0.024 mmol) and Ktyptofix222 (9.0 mg, 0.024 mmol) 
5 were dissolved in acetonltrile (0.2 ml) (heating). Methanesulfonic add 3- 
tritylsulfanyt-propyl ester (5 mg, 0.012 mmol) In acetonftrile (0.2 ml) was added. 
The reaction mixture was tieated to 80 degrees for 90 minutes. The nude product 
was purified by reverse phase preparative chromatography (Vydac 218TP1022 
column; solvents A= water/ 0.1 %TFA and B=CH3CN/0,1%TFA; gradIer«40-00 
10 % B over 40 min; flow 10 mi / minute; detection at 254 nm). A yield of 2 mg of 
purified material was obtained (analytical HPLC: column Phenomenex tuna C18, 
00B^251-E0: solvents: A= water / 0.1 % TFA and B= CH3CN /0.1 % TFA; gradient 
40^60 % B over 1 0 min: flow 1 .0 ml /minute; retentton time 8.2 minutes detected at 
214 and 254 nm). Structure verified by NiMF(. 

15 

jd> Synthesis of Fmoo-LvsrBo cVCvsfStBu)-AmfPmcVGIvuAsDfQtBuV 
CvsfStBuVPhe-CvsfrrtVRi nk Amide AM , 

The title peptide sequence was syntheslsed on a ABI 433A automatic peptide 
20 synthesiser staffing with Rink Amide AM resin on a 0.1 mmol scale using 1 mmol 
amino add cartridges. The amino acdds were pre-activated using HBTU b^fotQ 
coupling. 



1^) Synthesis of Fmoo-Lvs(eocVcvclorCvsfCH^V AmfPmoVGiv-AsDfQtBuVC«fel- 
25 Phe-CvsfTrtVRInk Amide AM resin. 

0.05 mmol of ttie pepfid)^ resin prepared as descritied In Id) was treated witt^ a 
solution of 346 nL tributylphosphlne. 100 jiL v\rater and 2 mL dimethyfformamkle. 
The reagents were removed after 90 minute and the resin washed with 
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dimethytfbrmamide and didiloromettiane. The resin was fh^ traated with a 
solution of 63 mg tBtrabutylammoniumfiuorlde and 2 mt diohlononi^ane. The 
reagdnt$ were removed by filtration after 2 hours and the resin washed several 
times with dn:hlorDmethane. 

5 

1f> gynthesig of C|-CHffC04-vs<wtorCvsfCH^VArQ<3rv-/tep-<^^ 



\m em aio17^ 



lilNV«1018.e4 
EM aiol7^ 
MF aC39tfiS0CIN13O1189 



The 9-{|iJorenylmstfiaxycarbonyl grou p was removed from the pepGdyl teafri of 1 e) 
xa end N-temunal chkaroacetylated using chloroacetic acfd anhydride. The 
simultaneous removal of peptide and side-chain protecting groups from the resin 
was then carried out in 5 iriL of trifluoioacstic add (TFA) containing 2.5 % trf- 
fsopropyisnane and 2.5 % water for one hour and forty minutes. 
Afierwork-up 27 mg cf cmde peptide was otrtained (Analytical HPLC: Gradient 0- 
is 40 % B over 10 mln where A = HsO/0.1 % TFA and B = CHsCN/0.1 % TFA; 1 
mL/mln; column. Phenomena Luna 3p C1 8 (2) 60 x 4.6 mm; detection. UV 214 
nm; prwluct rete ntion time. 7.79 mln). Further product characterisation was canied 
out using electrospnay mass spec&%!metryr^pect8dr^M4-al-4^^ 
1018.3). 

20 

.1g> Synthesis of cvGtarCH^CO- Lvs^doTCvsfCHoW^rq-Glv-Aap.Ch«T-ph6-^^ 
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a/l e 881.39 ^ 

MF BcafiHsamsoiida 



10 



xs 



27 ms of peptide product prapared described in If) was dissolved in 
water/acetonHrile. The mtxlure was adjusted to pH 8 with ammonia solulion and 
stined for 2 houra. After lyophlBsalion 20 mg of ihe desired product was obtained. 
PvriRcalion by preparative HPLC (Phenomeneac Luna 5|* CI 8 (2)250 ?c21 J20 mm 
column) of ttie cnide material was carried out using 0^ % B, where A « H20/0,1 
Oy&TFAand B=CHaCNA>.1 %TFA,over40minataflawra!eaf 10iTa/lmln.Ater 
lyophMisation 9 mg of pure material was obtained. (Analyllcal HPLC: Gradient. 0- 
30 % B overlO mln where A= HzO/O.I % TFA and B«CHgCNrt).l % TFA: flow, 1 
mUmin; column. Phenomenex Luna 3|i C18 <2) 50 x 4.6 mm: delecHon. UV 214 
nm; product retention time. 7.00 min). Further pitKJuctcharaclerisafion was cai^ 

out using electrospiay mass spectrometry: Bq^eded. M+H at 982.4, found, at 
982.3). 

^theslg nf ^^«Jor-CH.c n-l YsfCi^H.CO^mino-PEGV«^QFO^PH?VAiB- 
r^lY-AftiQ-cvsVPtift4:;vs-NH^ 



MW<= 1497-09 
EM s143S^ 

MP BCsni0MaNisoso9B 





30 9 mg of peptide prepared as described in 1g), 34 mg Bco-anrino-PEG anhydride 
and 7 fiL N-melhylmorpholine were dissolved in 1 mL dimethylformamide and the 
mixture stirred fbr 30 minutes. The reacfion was quenched by adding a solution of 
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15 



25 jiL N-methyimorphoUne and 2 mL water (pH - 9). The mixtum was stirred for 2 
hours, then evaporated to dryness. The residue was treated with a solution of 5 
mL TFA containing 2.S % trHsopropylsHane and 2.5 % water for one hour TFA 
was evaporated in vacuo, diethyl ether added to the lesldue and the resulting 
precipitate washed with diethyl ether and aip<lrledp The pned(>itate was dissolved 
in 3 mL dimethyllbTmamide together with 8 mg cMoroaoetlc add anhydride and 9 
nL N-«neihyimorphoDne and the mixture stirred for a further 60 minutes. The 
reecBon mixture was evaporated to dryness. 

Purification by preparative HPLC (Plienomenex Luna 5^ C18 (2) 250 x 21 .20 mm 
column) of the crude material was canied out using 5-50 % B. where A = H2Q/O.I 
% TFA and B = CH3CN/0.I % TFA, over 40 min at a flow rate of 1 0 mUmln. After 
lyophflisatlon S mg of pure material was obtained. Analytical HPLC: Gradient, 6- 
50 % B over 1 0 minutes where A « HiO/0.1 % TFA and B « CH$€:N/0.1 % TFA; 
flow. 1 mL/mIn; column, PhenomenexLuna3pC18(2)50x4.6mm:detecaon.UV 
214 nm; product retention time. 7.08 min). Further product characterisation was 
canried out using electrospray mass spectrometry: Expected. M+H at 1436.5, 
found, at 1436.0). 



•I 



20 10 Slie-SPedfic coniuaation to the chlon pacetvl modmed petiBde^ 




25 



The trityl group from ^-1Iuoro-propyisutCanyl)triphenyImelhane (2.0 mg, 0.006 
mmoi) described in 1c) was deaved wfth TFA (100 |iO In the presence of TIS (10 
nD and water (10 pi) (5 minutes). The mixlure was dOuted with 2B0 |d water and 
250 III aoetonitriie before a solution of cECHzCO-LysCClCHzCO-^mlho-PEG)- 
cCCys(CH2).Arg^ljhAsp^]-Phe-Cysl-NH2 (4.0 mg. 0.003 mmol)from 1h)in 500 
jaI water and 500 ^1 acelonilril© was added and the pH adjusted to 10 wHh 
potassium cari7onate bufifer (ca 400 jd). The reaction mixture was heated to 60-C 
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25 



for 60 minutes. The reacUbn mixhire was quendied with TFA and purSRed using 
reverse phase preparative ^romatogFaphy (Phenomenex, CI 8, 00G^253-N0 
column; solvents A- water/ 0.1% TFA and B= CHsCN / 0.1 % TFA; gradient 10-60 
% B over 30 min; flow 5 ml / mlnuta; detecb'on at 254 nm). A yield ofl.l mg of 
purified material was ot>tafned (analytical HPtC: column Vydac 218TPS4: 
solvente; Ap water / 0.1 % TFA and CHsCN / 0.1% TFA; gradient 10-50 % B 
over 10 mIn; flow 1 .0 ml/mlnute; retention time 13.20 minutes detected at 214 and 
^4 nm^ Further (^aracterisafiDn was carried out using mass spectrometry, gh^g 
mfe value I4d4.1 . IM-H^ as e9(pecied for the desired product 

^<^plaS; Preparation of a 3-r"H.flUQrD-PP0DvlsuHanvl labell^ Ptqi^ nrtnteininq 





2a) Preparation of ^"Fsvnthon: f3-r^ F ffluoro-DroDvisuHanvmrtnhenvlmet^anB 

To a Wheaton vial (2 mi) charged with Kryptofix® 222 (10 mg). potassium 
cartjonate (1 mg dissolved In 50 |il water), and acetonilriie (0.8 ml) the fiuorine-18 
containing water (1 0 mCl, 1 ml) was added. The solvent was removed by heating 
at 1 1 0 'C for one hour under a stream of nitrogen. Anhydrous a<^n{trDe (0.5 ml) 
was added and again evaporated as before. This step vras repeated tvtdce. The 
vial was cooled to n>om temperature followed by injecfing a solution of mesylate 
prepared as described In Example 2 b) (1 mg) in anhydrous DI^O (0.2 ml). The 
reaction mixture was sKtred at 80*C for 5 min and analysed by HPLC (gradient 1 . 
radiochemicai yield 90 %). 
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The reaction mixture was diluted witti DMSO/waler (1:1 v/v, 0.16 ml) and loaded 
onto a SepPak-PIU3 cartridge (*C18, Waters) that had been conditioned (10 ml 
acetonitrile, 20 ml water). Th© cartridge was washed with water (10 ml) and 
product eluted using acetonitrile. The radiochemical purity was 89 %. 

5 

2b^ Site-specific coniuaatten to the chloroacetvl modified pepfkte 



i 



Deprotection of (3-r°F}fluoro-(}ropyIsuifianyOtiiphenylm^ane, prepare as 
described in 2a) and subsequent reaction with the chioroaceiyi modified peplkle. 
10 prepared as described in 1h) is effected using methods analogous to those 
described In Example liX 

ptolffflfcql pa^ 

1? Using c^I membrane prepar^ns ioiown to &q>ress the av^3 nntegrin moeptor, 
competRive bindir^ studies were carried out usfng ^^^l-edttetat^ and tiie F- 
labelled peptides as competing Egand. Bindir^ curves were oblalneci and IQ's 
calculated usmg Prism™ software. 

20 The compound of Example 1 , had a 1^ of 7nnta!e. 
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s 1 . A cxjmpound of formula (I): 




(!) 



10 wherein 

Is either a bond or is 



.a 



a- 



wheiein a Is an integer of from 1 to 30; 



15 



whei^ b is an Integer of from 0 to 10; 
20 IS a Cm alkylene or Cm ©Iksnylene bridge; 

the Un\^ is a hydrocarbyl group optionally Including 1 to 10 hetetoatoms. 
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2. A compound of formula (I) scoording to claim 1 fn which; 

18 Ci^ altcyiene; . 
a Is an integer of -from 1 to 10: and 
bidl. 

3. A compound of formula (I) aroording to daim 1 or 2 fn which: 

is-CH2-: and 
a la 5. 

4' A compound of formula (I) according to any of claims 1 to 3 in which Hhe Linker 
Is selected fnom (ll>. (lit) and (iV) ; 

-CCHaCHbsOMCHiOnr <!l) 



^CH2hr : (III) 




wherein: 

n is an integer of 1 to 20; 
m is an integer of 1 to 10; 
p is an integer of 1 to 20; 
j a IS an integer of 0 to 4; 
r is an int^er of 1 to 10. 



6. A compound of formuta (I) according to any of claims 1 to 4 which is: 




■ 6. A compoiind of formula (I) according to any of cfaims 1 to 5 for use in 
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medicine, paiticularly In the in vivo diagnosis or imaging, for example by PET, of a 
disease or condition asdocfated with angiogenesfs. 

7. A method for m vfvo diagnosis or imaging of a disease or condttibn assoc^ted 
5 with angfc^ene^is whidx comprises the step of administering a compound of 

fbmiuta (I) according to any of claims 1 to 5 to a human a- animal bocfy, followed 
by geneiation of an image, suitably a PET image, of part or all of eaid body 

8. A radiopharmaceiiticai «>nnulation compdsing a compound of Ibmiula (I) 
xo according to any of claims 1 to 5 and one or more pharmaoeuticaiiy acceptable 

exclpienls. 

9. AmeUiod of preparing a compound of formula (I) as defined inenyof dalms 1 
to 5 which cxMTiprises reaction of the corresponding compound of fomiida (V): 

IS 




wherein R*. R^, and R^ are as defined for the compound of formula (I) and X is a 
leaving gtxnjp selected from diloro. bromo. and lodo. and is preferably chloro; 
20 by reactldn wHh the appropdate compound of formula (yi): 

^'^-(l-mkef)-SH CVI) 
wherem the Linker Is as defined for the ran^ound of formula (1). 

25 10. A compound of fomf)ula(V) as defined in claims. 
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11. A kit for the preparation of a radfofluorinated peptide of formula (I) accordingi 
to any of claims Ito 5 comprising: 

(i) a compound of fbimula (Via) 
5 IL-(Unker)-SR (Via) 

wherein L is a leaving group euch as p-toiuenesulphonate, 
trifluoremelhanesulphonate, or methanesulphonate. 

the Linker Is a hydrocarbyl group optionally including 1 to 10 heteroatoms; 
ID R is hydr^en or a thtol protecting group; . 
and 

(li) an activated peptide of fbrmula (V) as defined In daim 9. 

12. A kft according to dalm 1 1 , oomprf^ng: 

IS 

(i) a compound of formula (Vib), (Vic), or (VId): 



L-(CH2CHaO)b.-<CH2),rt^R (VIb) 
L-(CHa)p-SR (Vic) 



20 




m 16 an integer of Ito 10; 
p lean integer of 1 to 20; 
25 q isanfntegerof 0 to4; 
r is an Integer of 1 to 1 0; 

L is a lea^nng group such as p-toluenesulphonate,tiifluon>methanesulphonate, or 
me^anesulphonate; 

L' is a leaving group suc»i as lodo, p-toluenesulphonate, 
30 tnfluoronnethanesulphonate, or methanesulphonate and when q Is 0, L' can be 
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nftio or an lodonlum or ammonium 3a!t, 

R ts hydrogen or a thiol preteding group: and 

00 an activated peptide of formula (V) as defined In claim 9- 
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